The relationship between diet and pancreatic cancer remains unclear. In this study, we assessed the role of diet and nutrition as risk factors for pancreatic cancer, using data obtained from direct interviews only, rather than data from less reliable interviews with next of kin. We evaluated whether dietary factors could explain the higher incidence of pancreatic cancer experienced by black Americans compared with white Americans. Methods: We conducted a population-based case-control study of pancreatic cancer diagnosed in Atlanta (GA), Detroit (MI), and 10 New Jersey counties from August 1986 through April 1989. Reliable dietary histories were obtained for 436 patients and 2003 general-population control subjects aged 30-79 years. Results: Obesity was associated with a statistically significant 50%-60% increased risk of pancreatic cancer that was consistent by sex and race. Although the magnitude of risk associated with obesity was identical in blacks and whites, a higher percentage of blacks were obese than were whites (women: 38% versus 16%; men: 27% versus 22%). A statistically significant positive trend in risk was observed with increasing caloric intake, with subjects in the highest quartile of caloric intake experiencing a 70% higher risk than those in the lowest quartile. A statistically significant interaction between body mass index (weight in kg/height in m 2 for men and weight in kg/height in m 1.5 for women) and total caloric intake was observed that was consistent by sex and race. Subjects in the highest quartile of both body mass index and caloric intake had a statistically significant 180% higher risk than those in the lowest quartile. Conclusions: Obesity is a risk factor for pancreatic cancer and appears to contribute to the higher risk of this disease among blacks than among whites in the United States, particularly among women. Furthermore, the interaction between body mass index and caloric intake suggests the importance of energy balance in pancreatic carcinogenesis. [J Natl Cancer Inst 1998;90: 1710-9]
agnosed from August 1986 through April 1989 among 30-to 79-year-old residents of geographic areas covered by population-based cancer registries located in Atlanta, GA (DeKalb and Fulton counties), Detroit, MI (Macomb, Oakland, and Wayne counties), and 10 New Jersey counties. To ensure both the population-based nature of the case series and the completeness of case ascertainment, all cases of reported pancreatic cancer, regardless of the presence of tissue confirmation, were included initially. Because approximately 15% of the cases lacked tissue confirmation, an in-depth medical chart review was conducted to determine the accuracy of the diagnosis. On the basis of this review, 5.5% of identified patients with pancreatic cancer were excluded as being ''unlikely'' to have pancreatic cancer. Further details of the chart review were reported in an earlier publication (6) .
Because pancreatic cancer is a rapidly fatal disease, death was the major reason for nonresponse. Despite our emphasis on identifying and interviewing patients as quickly as possible (median time from diagnosis to interview ‫ס‬ 7 weeks), 471 of the 1153 patients initially identified for study died before the interview could be conducted. Of the 682 surviving patients identified for study, 526 case patients were interviewed (percentage interviewed ‫ס‬ 75% for whites and 81% for blacks).
To determine the comparability of those who died to those who lived long enough to be interviewed, we conducted interviews with next of kin of a sample of 325 deceased case patients. The next-of-kin interview was usually limited to broad categorical questions that next-of-kin respondents have been shown to answer reliably (7) . For most questions, the pattern of responses from next of kin of deceased case patients was similar to that from patients who were interviewed personally, including responses to questions on whether the subject ''ever smoked cigarettes,'' ''ever drank coffee regularly,'' and ''ever drank alcohol regularly.'' The overall percentage of case patients exposed to each factor, as reported by next-of-kin respondents, was similar to that reported by directly interviewed respondents for the following exposures: smoking (64% and 69%, respectively), coffee drinking (90% and 90%, respectively), and alcohol drinking (66% and 61%, respectively). For dietary habits, of the 60 individual foods from the main questionnaire, 19 were included in the next-of-kin questionnaire. For many of this subset of foods, next of kin and surviving patients reported similar mean food frequencies (e.g., collards/greens, carrots, cantaloupe, peaches, orange juice, and fried chicken). When differences between next of kin and surviving patients were observed, they appeared to be random with no consistent pattern of overreporting or underreporting by next-of-kin or direct interview status.
The control series consisted of a random sample of the general population stratified on age (5-year intervals), race, sex, and study area so that the control group would be frequency matched to the expected distribution of these factors among patients with all four types of cancer in our larger study, combined. Control subjects aged 30-64 years were chosen by random-digit dialing (8) . Eighty-six percent of all households contacted provided a household census that served as the sampling frame for selection of control subjects under age 65 years. Of the 1568 control subjects selected from these households, we interviewed 1227 (percentage interviewed ‫ס‬ 78% for whites and 78% for blacks). Control subjects aged 65-79 years consisted of a stratified random sample drawn from Health Care Financing Administration rosters of the population aged 65 years or older in each study area. Of the 1232 older control subjects selected, we interviewed 926 (percentage interviewed ‫ס‬ 78% for whites and 73% for blacks).
Interviews were typically conducted in the subject's home by a trained interviewer. Before the interview, written informed consent to participate in the study was obtained from each subject. The study was also reviewed and approved by the institutional review board of the National Cancer Institute. The questionnaire was designed to elicit detailed information on dietary and nutritional factors, alcohol intake, smoking habits, medical conditions, family history of cancer, usual occupation, and socioeconomic status. The effects of cigarette smoking and alcohol consumption on the risk of pancreatic cancer in this study have been reported in earlier publications (2, 9) .
The methods used for the dietary assessment are described in detail elsewhere (10) . Briefly, subjects were asked to recall their usual adult frequency of consumption of 60 specific food items or groups of similar food items (e.g., collards, mustard or turnip greens, and kale). Subjects were instructed to provide information on their usual eating habits during most of their adult life, excluding any recent changes in diet (i.e., those that occurred in the past 5 years before the interview) that may have occurred for any reason, such as illness or a change in lifestyle. Subjects also were queried about the number of meals they usually ate during a typical weekday, their regular use of vitamin supplements (i.e., at least once per week), and their usual adult height and weight, which were used to compute body mass index (BMI) (weight in kg/height in m 2 for men and weight in kg/height in m 1.5 for women) (11) . For both men and women, these sexspecific algorithms for computation of the BMI have been shown to be highly correlated with weight, are independent of stature, and accurately reflect body composition (11) . Subjects in the highest quartile of BMI (i.e., ജ27.2 for men; ജ34.4 for women) were considered to be ''obese'' (12) .
To evaluate dietary factors in relation to risk of pancreatic cancer, both foodgroup and nutrient-based analyses were conducted. Individual foods were categorized into food groups; the composition of each food group is given in the ''Appendix'' section. Intake of selected nutrients was computed on the basis of the subject's frequency of consumption of each food item and the nutrient content of an average serving. The nutrient content of an average serving was based on sex-specific portion sizes and food composition data obtained from the National Health and Nutrition Examination Survey (NHANES II) nutrient database (13, 14) . For each food group and macronutrient, consumption categories were created by dividing the frequency distribution of consumption for the control group into approximate quartiles. To examine the effect of energy-related nutrient intake on pancreatic cancer risk while holding total energy intake constant, we used the nutrient density method, incorporating both the percentage of total calories from a specified nutrient and total food calories into the model (15) .
The effects of dietary factors on the risk of pancreatic cancer were quantified as an odds ratio (OR). ORs and 95% confidence intervals (CIs) were estimated by unconditional logistic regression analysis (16, 17 To address this problem, we focused on results that were consistent for both men and women, rather than on statistically significant findings.
Some of the subjects whom we interviewed were excluded from analysis for the following reasons: the presence of pancreatic cancer judged unlikely (16 cases), presence of islet cell carcinoma (10 cases), no medical record available for review (six cases), unsatisfactory interview (one case patient and seven control subjects), missing data (12 case patients and 11 control subjects), and unreliable dietary histories (i.e., subjects with extremely low or high amount of food consumed, 45 case patients and 132 control subjects). Thus, the dietary analysis was based on first-person interviews with 436 ''likely'' case patients with a diagnosis of carcinoma of the exocrine pancreas and 2003 population control subjects. Table 1 shows the independent effects of BMI, total calories from food, and number of meals per day on the risk for pancreatic cancer. For both men and women, the highest quartile of the BMI was associated with a 50% increase in risk. For men, the trend in risk with increasing BMI was significant (P ‫ס‬ .019), although, in the second and third quartiles, there was little or no increased risk. For women, the trend was not significant, but those in the upper three quartiles experienced a 40%-50% higher risk than those in the lowest quartile. For men and women combined, ORs for the lowest to the highest quartile were 1.0, 1.1 (95% CI ‫ס‬ 0.8-1.5), 1.3 (95% CI ‫ס‬ 1.0-1.8), and 1.6 (95% CI ‫ס‬ 1.1-2.1), respectively, and this trend was significant (P ‫ס‬ .003). Blacks and whites experienced similar BMI-related risks; the OR for the highest BMI quartile was 1.5 for both blacks (95% CI ‫ס‬ 0.8-2.5) and whites (95% CI ‫ס‬ 1.0-2.3). Blacks, especially black women, tended to be more obese than whites.
RESULTS

BMI, Energy Intake, and Meals per Day
Among female control subjects, 38% of blacks were in the highest BMI quartile compared with 16% of whites, whereas among male control subjects, 27% of blacks were in the highest quartile compared with 22% of whites.
Among women, we observed a significant gradient in risk with increasing caloric intake (P ‫ס‬ .004); women in the highest quartile of caloric intake experienced twice the risk of those in the lowest quartile. A significant trend in risk also was associated with number of meals consumed per day among women (P ‫ס‬ .002). Women who consumed only one meal per day had a 60% reduction in risk compared with those who consumed three or more meals per day. Among men, similar patterns were seen. Men in the highest quartile of caloric intake had a nonsignificant 40% increased risk compared with those in the lowest quartile, whereas men who consumed one meal per day had a nonsignificant 40% reduction in risk. For men and women combined, ORs for the lowest to the highest caloric intake quartile were 1.0, 1.2 (95% CI ‫ס‬ 0.9-1.7), 1.4 (95% CI ‫ס‬ 1.0-1.9), and 1.7 (95% CI ‫ס‬ 1.2-2.3) (P for trend ‫ס‬ .001); ORs for subjects who ate three or more meals per day, two meals per day, and one meal per day were 1.0, 0.8 (95% CI ‫,)89.0-6.0ס‬ and 0.5 (95% CI ‫ס‬ 0.3-0.96), respectively (P for trend ‫ס‬ .006). Blacks and whites experienced similar patterns of risk associated with total caloric intake and number of meals consumed per day.
Pancreatic cancer risk is cross-classified by both BMI and total caloric intake in Table 2 . Men and women above the median for both BMI and caloric intake experienced a significant 70% increased risk compared with those below the median for both BMI and caloric intake. In contrast, men and women above the median for either BMI or caloric intake and below the median for the other factor had no increased risk. For both men and women, a significant interaction was found between BMI and caloric intake (P ‫ס‬ .028 for men; P ‫ס‬ .037 for women). Similar interactions were apparent for blacks and whites, with a significant 70% increase in risk for blacks and a significant 60% increase in risk for whites above the median for both BMI and caloric intake (P for interaction ‫ס‬ .044 for blacks and .013 for whites). For the total study group combined, we estimated risk by quartiles of both BMI and caloric intake. ORs for subjects in the highest two quartiles of BMI and caloric intake were significantly elevated relative to those in the lowest quartile of both BMI and caloric intake (quartile 3 of BMI/quartiles 3 and 4 of caloric intake: 2.1 [95% CI ‫ס‬ 1. Table 3 presents pancreatic cancer risk by the major food groups and their subcategories. The only food group showing a significant trend in risk with increasing consumption in both men and women was cruciferous vegetables (men: P ‫ס‬ .004; women: P ‫ס‬ .002). Men and women in the highest (most frequent) quartile of cruciferous vegetable consumption (i.e., more than four times per week) experienced a significant 50%-60% decrease in risk compared with subjects in the lowest quartile (i.e., less than 1.5 servings per week). For men and women combined, ORs for the lowest to the highest quartiles of cruciferous vegetable intake were 1.0, 0.7 (95% CI ‫ס‬ 0.5-0.9), 0.5 (95% CI ‫ס‬ 0.4-0.8), and 0.5 (95% CI ‫ס‬ 0.4-0.8) (P for trend ‫ס‬ .0004). The risk reduction was greater for whites (OR ‫ס‬ 0.5; 95% CI ‫ס‬ 0.3-0.8) than for blacks (OR ‫ס‬ 0.7; 95% CI ‫ס‬ 0.4-1.3). However, the percentage of black control subjects who were frequent consumers of cruciferous vegetables was higher than the percentage of white control subjects (32% versus 19%, respectively), indicating that a racial difference in cruciferous vegetable consumption does not explain the higher risk of pancreatic cancer among blacks than among whites. Protective effects were apparent for each food included in the cruciferous vegetable category (data not shown). No risk reductions were consistently observed for both male and female frequent con- †ORs were also adjusted for race. ‡ORs were also adjusted for sex. §Baseline category is low BMI (below median-men ‫ס‬ <25.2 kg/m 2 ; women ‫ס‬ <30.3 kg/m 1.5 ), low caloric intake from food (below median-men ‫ס‬ <1757; women ‫ס‬ <1297). ORs were adjusted for age at diagnosis/interview, study area, diabetes mellitus, cholecystectomy, cigarette smoking, alcohol consumption, income (men), and marital status (women).
Food Groups
Two-sided P value for test of interaction between BMI and total caloric intake; P values are considered statistically significant for P<.05. sumers of other types of vegetables. A significant trend in risk was associated with frequent consumption of total vegetables among men but not among women. Protective effects were not readily apparent for fruit intake. Frequent consumption of raw fruit was associated with a nonsignificant 20% decreased risk among men but with little or no risk reduction among women. Frequent consumption of noncitrus fruit was associated with a nonsignificant 30% reduced risk in men and a nonsignificant 20% reduced risk in women, and the trends were neither significant nor consistent.
The associations for other food groups were not consistent among both men and women. Men showed a significant gradient in risk rising to a twofold increase in the highest quartile of intake of bread, grains, and cereals (P ‫ס‬ .001), but no clear trend was seen among women. Consumption of poultry and fish was associated with a significant inverse trend in risk with increasing intake among women (P ‫ס‬ .002) but not among men. A significant risk gradient with increasing consumption of desserts also was apparent among women (P ‫ס‬ .035) but not among men.
Vitamins, Minerals, and Related Dietary Constituents
The risk of pancreatic cancer for dietary consumption of specific vitamins and minerals is given in Table 4 . Increasing intake of vitamin C from vegetables was associated with a significant inverse trend in risk in men (P ‫ס‬ .008) and a nonsignificant inverse trend in women. Subjects who consumed the most vitamin C from vegetables (i.e., highest intake quartile ‫ס‬ 60 mg or more per day) experienced a significant 40%-50% decrease in risk compared with those in the lowest consumption quartile (i.e., less than 30 mg per day). When cruciferous vegetables were removed from this nutrient index, a protective effect of vitamin C from vegetables was no longer apparent. ORs for the lowest to the highest intake quartile were 1.0, 1.0 (95% CI ‫ס‬ 0.7-1.4), 0.9 (95% CI ‫ס‬ 0.6-1.2), and 0.9 (95% CI ‫ס‬ 0.7-1.3) for men and women combined.
A protective effect was seen for phosphorus consumption in both men and women, but neither the reductions in risk nor the inverse trends were statistically significant. Several other dietary constituents (e.g., iron, potassium, riboflavin, xanthin, cryptoxanthin, and retinol) were associated with increased or decreased risk in one sex but not in the other and typically with no consistent or significant dose-response relationship. was related to increased risk in both men and women. Among men, a significant positive trend in risk with increasing starch consumption was apparent (P ‫ס‬ .013). Men who frequently consumed a diet rich in starch had an OR of 1.7 (95% CI ‫ס‬ 1.1-2.5) when compared with those who frequently consumed a diet low in starch. Among women, increased risk was associated with consumption of simple sugar rather than of starch, although the trend in risk was neither significant nor consistent. A nonsignificant 60% decrease in risk also was observed among men in the highest quartile for fiber from vegetables, but only a nonsignificant 20% risk reduction was observed among women.
Macronutrients and Related Dietary Constituents
Vitamin Supplements
Use of vitamin supplements (i.e., multivitamins, B vitamins, vitamins A and C, and cod-liver oil) was examined in relation to pancreatic cancer risk (data not shown). The proportion of control subjects reporting vitamin use was 49% in women, 37% in men, 43% in whites, and 39% in blacks. Vitamin C was the only supplement whose use appeared related to risk but not consistently by sex or race. Women who ever used vitamin C had an OR of 0.5 (95% CI ‫ס‬ 0.3-0.9), whereas male users experienced no reduction in risk. Blacks who used vitamin C also had a reduced risk (OR ‫ס‬ 0.4; 95% CI ‫ס‬ 0.2-0.9), but whites showed no risk reduction. Table 6 presents the relationship between pancreatic cancer risk and coffee-drinking habits. Men who were regular coffee drinkers at some time in their lives (i.e., those who drank at least one cup per week for a year or longer) experienced no overall increased risk, whereas women who were regular drinkers had a nonsignificant 40% increased risk. Among coffee drinkers, no gradient in risk with increasing amount consumed was observed for either men or women.
Coffee Drinking
When the effects of coffee drinking were examined by race, some differences were noted. Whites experienced no overall excess risk associated with regular coffee drinking (OR ‫ס‬ 0.7; 95% CI ‫ס‬ 0.4-1.2) and no dose-response relationship. However, blacks who were regular coffee drinkers had an overall OR of 1.7 (95% CI ‫ס‬ 1.0-2.7), with a nonsignificant positive trend in risk with increasing amount consumed. When the analysis among blacks was limited to nonsmokers, the OR was 1.0 (95% CI ‫ס‬ 0.4-2.6), and no trend with increasing coffee intake was evident (ORs for nonsmokers were 1.0 for 1 cup, 1.7 for 2 cups, and 1.2 for 3 or more cups per day).
DISCUSSION
Our findings indicate that BMI, caloric intake, and number of meals consumed per day may be related to the risk of pancreatic cancer. Obesity was associated with a significant 60% excess risk that was consistent by both race and sex. A significant positive trend in risk with increasing caloric intake also was observed, with subjects in the highest quartile of caloric intake experiencing a 70% higher risk than those in the lowest quartile. In addition, a gradient in risk with increasing meals per day was apparent in both races and sexes. Subjects who consumed one meal per day had a 50% reduction in risk compared with those who consumed three or more meals per day.
The effects of BMI and energy intake on pancreatic cancer risk have been examined in at least 12 previous studies (18-29) , with inconsistent findings. BMI was associated with modest in- 
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Percentage of total food calories by quartile creased risks, with ORs ranging from 1.2 to 1.7, in some studies from the United States (20, 29) and China (23) , and in a cohort study of obese individuals in Denmark (27) . In contrast, a multinational case-control study of pancreatic cancer (18, 21, 22 ) and some case-control studies in the United States (25, 26, 28) and Greece (24) revealed no clear relationship to BMI. Caloric intake emerged as a risk factor in one U.S. study (28) and in the multinational study (22) , with a doubling of risk for subjects in the upper two quintiles of caloric intake compared with those in the lowest quintile. Energy intake, however, was not related to increased risk in two other studies (19, 23) where it was assessed. To our knowledge, the present study is the first to examine the relationship between number of meals consumed per day and pancreatic cancer risk. The hypothesis that energy intake and number of meals consumed per day are risk factors for pancreatic cancer is supported by data from animal studies. First, frequent food consumption may increase the amount of intraduodenal chyme, thus stimulating the duodenum to release the gastrointestinal hormone cholecystokinin (CCK). CCK, a major regulator of pancreatic growth and enzyme secretion (30, 31) , has been shown to act as a promoter of pancreatic carcinogenesis in rodents (32, 33) . Second, energy restriction in rats has been found to inhibit pancreatic carcinogenesis (34, 35) , perhaps by decreasing levels of carcinogen-activating enzymes in the pancreas or by decreasing tropic stimuli to the pancreas (36), although energy restriction does not appear to act as an inhibitor in hamsters (37) . A limitation of our study is that we could not fully assess the effects of frequency and quantity of food consumption because information was not collected on snacking between meals.
Our study revealed for the first time a significant interaction between BMI and total caloric intake in relation to pancreatic cancer risk. This finding was noted in both sexes and races. Subjects above the median for both BMI and caloric intake experienced a 70% higher risk than those below the median for both factors, rising to 180% for those in the highest quartile of BMI and caloric intake. In contrast, no increased risk was found for subjects above the median for either BMI or caloric intake and below the median for the other factor, suggesting that energy balance may play a key role in pancreatic carcinogenesis. It may be that caloric intake in excess of that required to maintain energy balance (i.e., intake that leads to obesity) increases risk. In further studies evaluating the role of energy balance, it will be important to include data on physical activity, which were not obtained in our study.
Another limitation of our study is that usual adult weight was not included in the next-of-kin interview because it seemed unlikely that next of kin could accurately recall the subject's usual adult weight. If patients who survived long enough to be interviewed had higher usual adult weights than those who died before the interview could be conducted, the point estimates for BMI might be biased. It seems unlikely, however, that nonresponse bias affected the results pertaining to BMI because, in two case-control studies nested within cohorts where weight was obtained several years before the development of pancreatic cancer, subjects who developed pancreatic cancer weighed more at 12.7 and 7.5 years, respectively, before diagnosis than those who did not develop pancreatic cancer (20, 38) .
We also found that frequent consumers of cruciferous vegetables (i.e., more than four servings per week) had a 50% reduction in risk. A protective effect associated with consumption of vegetables has been reported in at least 10 previous studies of pancreatic cancer (25, 29, (39) (40) (41) (42) (43) (44) (45) (46) , with cruciferous vegetables being responsible for 20%-50% of the reductions *OR ‫ס‬ odds ratio; 95% CI ‫ס‬ 95% confidence interval. †ORs were also adjusted for race. ‡ORs were adjusted for age at diagnosis/interview, study area, cigarette smoking, alcohol consumption, diabetes mellitus, cholecystectomy, body mass index, calories from food, income (men), and marital status (women).
§ORs were also adjusted for sex.
in risk in studies conducted by Olsen et al. (45) , Bueno de Mesquita et al. (39) , and Ji et al. (40) . These findings are consistent with animal studies (47) (48) (49) (50) indicating that constituents of cruciferous vegetables-including isothiocyanates, thiocyanates, and glucobrassicin, which when hydrolyzed produces indoles-have cancer-inhibiting effects. In particular, high doses of the antioxidant Oltipraz, a synthetic dithiolthione structurally similar to anticarcinogenic dithiolthiones found in oils derived from cruciferous vegetables, have been shown to inhibit pancreatic carcinogenesis in Syrian golden hamsters (51) . A protective effect also appeared to be associated with frequent consumption of vitamin C from vegetable sources. Although it has been suggested that high intake of vitamin C may reduce pancreatic cancer risk (4), it is noteworthy that no risk reduction was associated with consumption of fruits high in vitamin C (i.e., citrus fruits) or with the use of vitamin C supplements. Indeed, the decreased risk associated with vitamin C from vegetables seemed mainly due to the protective effect of cruciferous vegetables rather than to vitamin C per se.
Numerous studies of pancreatic cancer (3) have examined the relationship between coffee drinking and pancreatic cancer risk. Although results of most studies do not support an association, positive findings from a small number of studies (26, 44, (52) (53) (54) (55) (56) (57) (58) have raised the possibility of a weak association for heavy coffee drinking. However, there is general consensus that any weak effect is likely to be a result of residual confounding by smoking or other sources of confounding or bias (3, 59) . Our results are consistent with this view.
In our study, obesity was the only factor that contributed to the higher incidence of pancreatic cancer among blacks than among whites, particularly in women. Although the magnitude of risk associated with obesity was identical in blacks and whites (OR ‫ס‬ 1.5), a higher proportion of blacks were obese compared with whites (women ‫ס‬ 38% versus 16%; men ‫ס‬ 27% versus 22% respectively). We found no clear evidence that caloric intake, cruciferous vegetables consumption, or other dietary factors contributed to the high rates of pancreatic cancer among blacks in the United States. Previous results from our casecontrol study suggested that heavy consumption of alcohol could explain part, but not all, of the higher incidence among blacks (9) .
In conclusion, our study benefited from the use of direct interviews, which reduced the potential for misclassification of dietary information that has plagued earlier studies based predominantly on next-of-kin interviews. In both sexes and races, we found significant interactions between BMI and caloric intake, suggesting that energy balance may play an important role in pancreatic carcinogenesis. In addition, protective effects were associated with a decreased frequency of meals and high intake of cruciferous vegetables, providing further leads to the next generation of studies into the origins of pancreatic cancer.
